














A 3.22-mile (5.2 kilometer) length of the Tehama-Colusa Canal, 
near Red Bluff, California, will be used as a dual-purpose chan- 
nel; an irrigation water conveyance canal, and a s  a fish-spawning 
channel. A gravel layer in the canal bottom will provide a spawn- 
ing bed for salmon. Sediment is expected to settle out of the canal 
water and deposit in the gravel. Because salmon eggs deposited in 
sediment-clogged gravel will die before they a r e  hatched, a verti- 
cal  slide gate device (baffle gate) will be used to remove the fine 
sediment from the gravel. The baffle gate, mounted on a carriage 
which can travel up and down the canal, is lowered partially into the 
flowing canal water. The high-velocity jet thereby produced beneath 
the gate displaces the gravel from upstream to downstream of the 
gate and washes the sediment into suspension to be carried away by 
the canal water flow. 

will alsb be used to produce a velocity barr ier  to prevent small fish 
, from swimming past the gate. By.moving the gate downstream, 

young salmon fish can be controlled o r  moved along and out of the 
canal. Described in this report a r e  hydraulic model tests  made to 
determine the vertical positions of the baffle gate necessary to pro- 
duce a velocity barr ier  of 5 feet (1.5 meters) per  second beneath the 
gate for various canal discharges. The sectional model was 28 feet 
(8.5 m) long, 2 feet (0.61 m) wide, and 8 feet (2.4 m) deep. One side 
of the model contained glass panels through which action in the model 
could ,be observed and photographed. The velocity profile for  water 

INTRODUCTION 



requirement for a spawning channel is that the gravel be free of 
fine sediment during hatching of the eggs. Oxygen-laden water is 

A method for cleaning the gravel by using a baffle gate to produce a 
high-velocity jet of water has been developed a s  a result of hydrau.- 
l ic tests  made in the laboratory. 11 A vertical slide gate is placed 
across  the canal. The bottom of the  gate is set  relatively close to 
the gravel bed to partially obstruct the waterflow. Constriction of 
the waterflow area  by the baffle gate raise?, the upstream water sur-  
face elevation. A differential head of approximately 1. 5 feet (0.46 m) 
is established between the upstream and downstream water surfaces 
at the baffle gate. This differential head produces a high-velocity jet 
of water flowing beneath the baffle gate. Action of the high-velocity 
jet scours a furrow in the gravel directly beneath the gate and a s  the 
gate is loweredfurthzr the scour exte'hds down to the concrete canal 
bottom. The baffle gate is then moved upstream and the gravel is 
scoured from the upstream side of the furrow and is deposited on the 
downstream side. In the process, fine sediment is flushed away from 
the gravel particles and washed into.. suspension during movement of 
the gravel. The deposited gravel is laid in the configuration it had 
before being scoured, with no apparent sorting a s  to sizes of parti- 
cles. '  Figure 2A is an ar t i s t ' s  drawing of the baffle gate. 



THE INVESTIGATION : 

The Model 

The model, sectional in nature, Figure 3, was constructed in an 80- 

t ro l  the tailwater depth in the model. Water inflow into 

Model Tests 

Most of the canal discharge will flow between the baffle gate bottom 
and the 100-foot (30.5 m) wide gravel bed. Some water will flow 
through the gravel bed. Prototype discharges were simulated fo r  the 
sectional model in each test. Model tes ts  were made for  prototype 
canal discharges of 750, 1, 300, 1, 800, and 2,-400 cfs (21.2, 36. 8, 

1.0, and 68.0 cms). 



elocity measure - 
ments were made at the different baffle gate openings. In some cases 
after part  of the gravel bed had eroded, the baffle gate was lowered 
another increment and velocity measurements again made. 

Model tes ts  a r e  summarized in Table 1, and measured velociti& a r e  
:shown on Figures 6 through 12. 

DISCUSSION AND RESULTS OF THE INVESTIGATION 

Model Tailwater Depths 

~ i f fe ren t roughnesses  of the gravel bed may exist when the baffle gate 
will be used for  crowding small  fish from the canal. The gravel bed 

avel bed was a hor- 
me, Figure 13. 

a1 line. The top 
s formed.be- 
e r  model tests  
replacedtothe  

of thg line before::the next se r ies  of testsowere started. 

uld be sufficient 



velocity of 5 fps (1.52 mps) should be maintained.? Movement of 
baffle would then crowd the small fish out of the canal. 

bed cause local movement'. Tests  in which more definite scour oc- 
curred for given baffle gate-settings a r e  noted on Figures 6 through 12. 
The.baffle gate setting was always measured from the baffle gate bot- 
tom to  the gravel bed reference: datum, even when erosion occurred. 
However,;the scour depth was considered when determining the dis- 
tance above the gravelbedwhere  velocity measurements were made. 
The plotted velocity measurements show the distance of the Prandtl 
tube above the existing gravel bed. 

Model Scales 

Two different model scales, :l:2 and 1:l were used. The 1:2 scale 
model tests  were based on the Froude number relationship between 



The plotted velocity points in Figures 6 through 12  a r e  the average 

; Characteristics of the Velocity Barrier 

distance downstream from the baffle gate as shown in Figure 5. Con- 
traction and the upper flow boundary of the jet can'be seen in Fig- 
ure 13. The jet flows only in the lower part of the dew-&ream water 
depth. Waterflow above the jet is very irregular and rough. The 

Results of the tests show definite characteristics of the jet velocity 
profile. The highest velocity is in the upper level of the jet, and the 



on the gravel canal bottom. Establishing or-maintaining a baffle 
gate setting o r  opening above an irregular  gravel bed may be diffi- ; 

cult. 'It may be necessary to  smooth the. gravel bed occasionally. 
A dependable and rapid method of determining the average distance 
from the baffle gate bottom to  the gravel bed may be needed. Pos- 
sibly some type of sensing device, mechanical o r  electronic in 
nature, can be installed on the baffle 'gate to  measure o r  indicate 

The upper curve (de&nated - Velocity of 5 fps at  a distance of 
0.3 foot above the gravel bed) in the graph in Figure 14 is recom- 

(1.5 m) pe r  second at  a point 0.3 foot (9.1 cm) above the gravel bed 
without scouringthe gravel a s  shown in Figure 14; therefore, accord- 
ing to estimates by the Fish and Wildlife Senrice, the baffle gate can 
be used for crowding (moving) small salmon out of the canal. 

If baffle gate settings smaller  than those given by the upper curve 
in Figure 14 a r e  used, the gravel bed may be disturbed o r  scoured. 
Fo r  example, consider a hypothetical condition where a baffle gate 
setting of 2.2 feet (0.67 m) is used for a canal discharge of 1,200 cfs 
(34.0 cms). Erosion cSthe gravel bed will occur. As the baffle gate 
moves downstream the eroded gravel will accumulate in a pile a few 
feet downstream from the baffle gate. The s ize  of the accumulated 
gravel pile will increase with the downstream movement of the baffle 
gate. Fo r  this and possibly other reasons, erosion of the gravel bed 
should be avoided. 

CONCLUSIONS , 











A. Artists  drawing of the baffle gate machine that will be used to 
wash sediment from the spawning gravel and to crowd (move) 
smal l  fish out of the canal. Photo P602-D-54534 

salmon making a redd (nest) 
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Figure 13 
Report Hyd-579 

..2??hm!n - I 

Photograph of the 1:2 scale model showing the flow characterist ics pro- 
duced by the baffle gate. Waterflow is from left to right and the head 
drop across  the baffle gate is visible. The canal discharge is 1, 800 cfs 
1 n +mi~.,,a+e,. ,-tenth r: Q f+ (7 1 m) h2fflp cpttinrr 3 .  fi ft 









oae i r r iga t icn  and f i sh  spavning channel w i l l  be constructed A dml-purpose i r r iga t ion  and f i s h  apavning~channel w i l l  be conatructcd 
2-mi length of the Tehama-Colusa Canal, Cnlif. A ver t ica l  s l ide  along a 3.22-mi length of the *hair!-,'olusaCansl, Calif. A vert ical  s l ide 
(baffle gate) vas developd f o r  cleaning the gram1 spswulng gate device (baffle gate) vas developed f o r  cleaning the  gravel spawning 

canal. The gate can be moved along the length of the canal and bed o r  the canal. Thc gate can be moved along the length of the =anal end 
in  the water to pioducc a j e t  of higher velocity flw beneath positioned i n  the water to produce a j e t  of higher velocity flow bcncath 

the  gate. A secondary use of the baff le  gate in ta provide a 5-*s veloc- 
i t y  barr ier  f o r  oontmlling movements of s m l l  f i s h  i n  tha canal. Model, 
teats were nsde to deternine whether thin vclocity barr ier  could be main- 
tained without emding the gravel bed and t o  determine baff le  gate setting0 

. t o  pmduce the 5-fpe velocity bar r ie r  fo r  given discharges. A p h o k r a p h  
and draving of the mbnel flume, t e s t  date., and a gradation curve oP m d e l  
gravel a re  included. 

~ .. ~ ~ 

ABSaUCT 

A dual-purpose i r r igat ion and f iah spawning channel n i l 1  be constructed 
slang a 3.22-mi length of the *ha-Coluaa Caaal, C s l i f .  A vcr t ica l  a l ide 
gste device ( b a i n e  gate) was developed f o r  cleaning the gmvcl apavning 
bed of the canal. The gate can be wvad along tho length of the canal and 
positioned i n  ths water to produce a J e t  of higher vclocity flov beneath 
the gate. A secondary use of the baff le  gate i s  to pmvlda a 5-ips velw- 
i t y  M r r i c r  f o r  contmlling movements of a d 1  f i s h  i n  the canal. Mods1 
tea t s  were a d e  t o  determine whether thia  velocity M r r i a r  oould be -in- 
tained without emding the gravel bed and to determine baffle gate netting0 
t o  produce the 5-fps velocity barr ier  for giwn dlscbames. A photograph 
and drawing of the model flume, t e s t  date., end a gradation curve of -01 
gravel are included. 



AN ARTIFICULLI mmu:eo m I n  BARRIBR m~ CO~OLLIIIO FISH M O ~ I I T :  
m k V M - C O W  CARAL. USBR lab Rept Wd-579, W d  Br. Nov 1967. Burrnu of 
~eclsmation, Denver, 32 p, 14 fig. 1 tab, 1 ref 

DE%RIPlwS-- fish/ irrigation cards/ hydraulic lrrdels/ Wish hidling 
facilities/ model tests/ a c w /  barflea/ velocity/ channels/ *slide gates/ 
flume/ jets/ gravels 
rn?ammx3-- Teh-Coluaa Canal, calif/ *spavning charnels/ flsh @ding/ 
welocity b a d e m /  fish bardam/ s a b n  

Wd-579 
Zeigler, E R 
AN ARTIFICIALLY mo~ucm mm BARRIER FOR C O ~ L L I ~  mn UOVEWIIT; 
TZW-COLVSA CANAL. USBR Lab Rept Hyd-579, W d  Br, Nov 1967. Bureau of 
Reclsmation, Denver, 32 p, 14 fig, 1 tsb, 1 mf 

DESCRIPmRS-- fish/ irrigation caanls/ hydraulic wdels/ *fish henaing 
facilities/ model teats/ scour/ bafflae/ velocity/ charnels/ *slide gntea/ 
flrmree/ Jets/ gravels 
ID~TIFIERS-- Tehsme.Cslusa Canal, Ca 
*velocity barriers/ fish barriers/ sa 


